This report describes a new method to deduce temperatures in concrete after fire. In this paper, the temperatures in fire-damaged concrete members were presumed, aiming at admixture responsive to thermal career. By measuring the ultraviolet absorption spectra of admixture, it was found that heated temperatures in concrete were possible to be presumed from absorbances. At the next stage of this study, heated temperatures in actually fire-damaged concrete were presumed by using this method. Moreover, the validity of this presumption method was verified by comparing the presumed temperatures with the actually measured ones in the firetested concrete members(f1oor and column). The influence of burning exhaust on this presumption method was also examined and it was found that there was no influence of the exhaust on the method by shaving off the surface layer of concrete.
INTRODUCTION
In Reinforced Concrete(RC) buildings, fires often continue longer within fire compartments and heavy damage is caused by the fires. In such cases, it is a very important matter whether the buildings are re-used or not and it depends on the degree of damage. When fire-damaged RC buildings are investigated, it is very important to presume heated temperatures of concrete and steel in main structural parts and to diagnose the degree of damage of each member. At present, the methods of chemical analysis [l] and of theoretical calculation [Z] etc. are recognized as the methods to presume heated temperatures in concrete. It is difficult to say that the above-mentioned methods are effective means in order to grasp heated
e a f t e r , admixture), which a r e c o n t a i n e d i n minute amounts i n c o n c r e t e and a r e r e s p o n s i v e t o thermal career. And by i n v e s t i g a t i n g thermal c a r e e r of t h i s admixture, t h e authors proposed the method t o presume h e a t e d t e m p e r a t u r e s up t o about 600°C under which c o n c r e t e and s t e e l b a r s can he re-used.
I n t h i s p a p e r , t h e a u t h o r s m e t i o n e d a new m e t h o d t o presume h e a t e d
t e m p e r a t u r e s i n c o n c r e t e . And by a p p l y i n g t h e method t o c a s e of f i r e , t h e y have v e r i f i e d t h a t t h e p r e s u m p t i o n method was p r o p e r . And t h e n , t h e y examined t h e i n f l u e n c e of burning exhaust gas on t h i s presumption method.
THE PRESENT CONDITIONS OF FIRE-DAMAGE DIAGNOSIS FOR CONCRETE STRUCTURES
Assessment Method of Fire-Damaged RC Buildings I n c a s e of r e -u s i n g t h e b u i l d i n g a f t e r f i r e , i t i s n e c c e s a r y t o know t h e d e g r e e of damage t o i t s e a c h member more a c c u r a t e l y by p r o p e r i n v e s t i g a t i o n . The a s s e s s m e n t methods of f i r e -d a m a g e d R C b u i l d i n g s a t t h e p r e s e n t and t h e i r problems a r e c l a s s i f i e d a s below.
(1) V i s u a l o b s e r v a t i o n on s i t e [ 3 ] , [$]-----The s u r f a c e c o n d i t i o n of the t o t a l damaged s t r u c t u r e i s o b s e r v e d . Namely, d i s c o l o r a t i o n s , e x p l o s u r e s , c r a c k s , f l o a t i u g s , p e e l i n g s and d e f l e c t i o n s e t c . a r e observed on t h e c o n c r e t e s u r f a c e i n d e t a i l . Only t h e rough degree of damage can be c l a s s i f i e d by t h i s method.
( 2 ) Schmidt hammer t e s t [ 3 ] , [5] -----The r e p u l s i v e f o r c e s on exposed surface of c o n c r e t e member a r e measured by Schmidt hammer t e s t . T h e r e f o r e , t h e compressive s t r e n g t h s a r e presumed on exposed s u r f a c e s , b u t t h e d i s t r i b u t i o n of s t r e n g t h s a t v a r i o u s d e p t h s c a n n o t he presumed. M o r e o v e r , a s t h e d a t a of t h e c o m p r e s s i v e s t r e n g t h s on fire-damaged c o n c r e t e by Schmidt hammer t e s t i s i n s u f f i c i e n t , only t h e q u a l i t a t i v e comparison of t h e degree of damage can be a s s e s s e d .
( 3 ) The n e u t r a l i z e d t e s t of c o n c r e t e [ 3 ] , [$]-----It i s known t h a t concrete i s n e u t r a l i z e d when i t i s h e a t e d over 500°C. P h e n o l p h t h a l e i n s o l u t i o n i s sprayed on t h e p e e l e d p a r t s of t h e c o n c r e r t e and t h e n e u t r a l i z e d d e p t h s a r e measured. When long-cured c o n c r e t e i s fire-damaged, i t i s v e r y d i f f i c u l t t o judge whether t h e p r o g r e s s of n e u t r a l i z a t i o n i s d e t e r i o r a t i o n due t o age or due t o f i r e . ( 4 ) The t e s t of compressive s t r e n g t h on c o n c r e t e core [3] -----Core samples a r e p u l l e d o u t f r o m f i r e -d a m a g e d c o n c r e t e members and t h e r e s i d u a l c o m p r e s s i v e s t r e n g t h s a r e presumed by c o m p r e s s i v e t e s t s . As t h e d e g r e e of damage changes depending on t h e d e p t h i n c o n c r e t e members, t h e r e s i d u a l s t r e n g t h d i s t r i b u t i o n a t v a r i o u s depth cannot he a s s e s s e d by t h i s method.
( 5 ) U l t r a s o n i c m e t h o d [ 3 ] , [ 5 ] , [6] -----The t r a n s m i t t i n g time through f i r edamaged c o n c r e t e i s measured by t h e u l t r a s o n i c method and t h e degree of damage i s i n v e s t i g a t e d . As only t h e average t r a n s m i t t i n g time of c o n c r e t e members i s known, t h e d i s t r i b u t i o n of t h e damage a t various depth i s unknown.
When t h e above-mentioned m e t h o d s ( ( 1 ) - ( 5 ) ) a r e u s e d , o n l y t h e rough and s u r f a c e degree of damage of concrete members can be judged and t h e exact degrees a t
o presume the heated temperatures of t h e i n t e r n a l c o n c r e t e and s t e e l b a r s i n t h e main s t r u c t u r a l p a r t s a c c u r a t e l y and t o g r a s p t h e mechanical p r o p e r t i e s of c o n c r e t e and s t e e l b a r s corresponding t o t h e i r heated temperatures.
Presumption Method of Heated Temperatures i n Concrete
The methods t o presume h e a t e d t e m p e r a t u r e s i n c o n c r e t e a t t h e p r e s e n t a r e mainly a s f o l l o w s .
( 1 ) The method of chemical analysis[l]-----Heated temperatures i n concrete a r e presumed by n e u t r a l i z a t i o n , analyses of carbonic a c i d g a s and f r e e lime, and X r a y s d i f f r a c t i o n e t c . . ( 2 ) The method of t h e o r e t i c a l c a l c u l a t i o n [ Z ] -----T h e d i m e n s i o n s , s h a p e s , amounts of combustible m a t e r i a l s ( i n t e r i o r f i n i s h e s and c a r r y i n g m a t e r i a l s e t c . ) and windows e t c . i n a f i r e room a r e e s t a b l i s h d , t h e f i r e conditions a r e predicted, and t h e heated temperatures i n concrete a r e c a l c u l a t e d .
( 3 ) The method of t h e a c t u a l l y fire-damaged condition-----The f i r e condition ( f i r e time and f i r e maximum temperature a t t a i n e d ) i s presumed by t h e d a t a of f i r e s t a t i o n , t h e c o m b u s t i b i l i t i e s of m a t e r i a l s i n a f i r e room and the carbonized depth a n d s p e e d o f wood. The e x t e r n a l h e a t e d t e m p e r a t u r e s a r e presumed by t h e d i s c o l o r a t i o n c o n d i t i o n of concrete. And inner heated temperatures a r e c a l c u l a t e d .
The problems f o r above-metioned methods( (1)- (3)) a r e a s follows. For ( I ) , t h e chemical changes of i n o r g a n i c m a t e r i a l s a r e occasionally brought back t o t h e condition before f i r e by f i r e -f i g h t i n g water.
For ( Z ) , a s t h e c o n d i t i o n b e f o r e f i r e i n t h e f i r e room i s n o t o f t e n known, i t i s d i f f i c u l t t o g r a s p t h e r e a l f i r e c o n d i t i o n a c c u r a t e l y .
The h e a t e d temperatures i n c o n c r e t e a r e widely d i f f e r e n t by f i r e time and f i r e maximum temperature. Therefore, i t i s important t o grasp the a c c u r a t e f i r e s c a l e . 
i d i s n e x t t o t h i s . As t h e s e admixtures c o n s i s t of o r g a n i c compounds which have conjugated double bonds, i t i s c o n s i d e r e d t h a t t h e i r degrees t o a b s o r b u l t r a v i o l e t rays(namely, absorbance A) a r e v e r y b i g . Concrete which i s composed of mainly i n o r g a n i c m a t t e r i s n o t p e r c e i v e d t o a b s o r b u l t r a v i o l e t r a y s .
A c c o r d i n g l y , a i m i n g a t a d m i x t u r e , a s i t s q u a n t a t i v e a n a l y s i s i s p o s s i b l e , t h e a u t h o r s a d o p t e d UV s p e c t r a l method a s a n a l y s i s o n e . The law of absorbance i s presented i n t h e following e q u a t i o n ( 1 ) .
where, T:transmission factor(=Ie/I~(I~ is incident intensity, Ie is transmission intensity), a:absorption coeff icient(l/cm), c:concentration, and 1:thickness of absorption cell(cm). Specrophotometer(UV-200) is used for measuring.
Characteristic of UV Spectra on Concrete
The differentlal thermal analysis(DTA) and differential thermogravimetry analysis(TGA) rere measured in order to examlne thermal properties of lignln sulfonic acid admixture. The results are shorn in Fig.1 . Weight loss by exothermic process begins at about 200°C and ends at 500-600°C. The reason for this phenomenon is considerd to be that thermal cracking reaction of admixture causes from 200°C and almost ends at 500-600°C. Fig.2 shows the relations between wave lengths and absorbances(hereafter, absorption curves) of UV spectra by 100°C from 110°C to 700°C on lignin sulfonic acid admixture. The absorbance at 110°C shows peak at wave length of 340nm. Bith the rise of temperature, absorbances reduce over all wave lengths. And they don't reduce over 500°C. As concrete usually contains admixture, absorption curve of concrete is influenced by UV spectral property of admixture as known from the comparison of Fig.2 and Fig.3 . From F i g . 3 , the absorbances at wave length of 260nm were considered to be relative with heated temperatures and were adopted in this presumption method. icase of concrete).
The absorption curves at 110°C and 500°C of concrete without adm~xture are sh0hn in Fig.3 , too. The absorbance of this concrete at 110°C is different from the one of concrete with admixture and doesn't show peak. Moreover, tor the latter concrete, w~t h the rlse 01 temperature, absorbances slightly reduce.
EXPERIMENTS ON PRESUMPTION METHOD

Experiment Method
It was examined how influence the differences in contained amounts of admixture and cement paste gave on the measured results of UV spectra.
Method to Make Test Solutions for Measurement. Test specimen(both width and length:300mm, height:40mmj was made from concrete according to mix proportion (weight ratio: cement(normaI portland) 100, water 50, fine aggregateisand) 250, coarse aggregateicrushed stone) 360, admixtureiair-entraining agent) 0.25 and 0.5j, using Iignin sulfonic acid as admixture. Procedures to make test solutions are shown in following lj-4).
1) Test specimen air-cured for over 7 days was cut to test pieces(width:40mm, length: 150mm).
2) T e s t p i e c e s were h e a t e d a t each temperture(llO0C, 300°C, 400°C, 500°C and 600°C) f o r 60 minutes i n e l e c t r i c furnace.
) A f t e r h e a t e d , t e s t p i e c e s were crushed t o t h e limit t h a t c r u s h e d s t o n e s remained a s they were. The p a r t s through screens of 10 mesh and 35 mesh were f i n e l y c r u s h e d t o t h e d i a m e t e r of 5 -1 0 b m by v i b r a t i o n mill i n o r d e r t o examine t h e
i n f l u e n c e of d i f f e r e n c e i n contained amounts of cement p a s t e . 4) After t e s t sample(25g) was added by pure water(100ml) and i t was boiled f o r 120 m i n u t e s , i t was f i l t e r e d by means of s u c t i o n u s i n g 5C f i l t e r paper. And f i l t e r l i q u i d was used a s t e s t s o l u t i o n .
F a c t o r s of t e s t samples a r e a d d i t i o n a l r a t i o s of admixture(0.25% and 0.5%) t o cement and s i z e s of s c r e e n ( l 0 mesh and 35 mesh). Kinds of t e s t samples a r e four(two f a c t o r s by two elements).
Measurement of UV S p e c t r a . UV s p e c t r a f o r t e s t s o l u t i o n s a t each h e a t e d temperature were analyzed using spectrophotometer, and t h e i r absorption curves were grasped.
T e s t R e s u l t s and Discussions
From t h e measured r e s u l t s of a b s o r p t i o n c u r v e s f o r each t e s t s o l u t i o n , t h e r e l a t i o n s between h e a t e d t e m p e r a t u r e s and absorbances a t wave l e n g t h of 260nm a r e shown i n F i g . 4 . T h e i r r e l a t i o n s from 110°C t o 500°C became a l m o s t l i n e a r . Over 50OoC, a s admixture perhaps d i s s o l v e s t h e r m i c a l l y and remaining c o n c e n t r a t i o n of thermal d i s s o l u t i o n i s s m a l l e r , absorbance i s considerd t o become c o n s t a n t . Examination on Improvement of P r e c i s i o n i n Presumption
The r e l a t i o n s between h e a t e d t e m p e r t u r e s and absorbances a r e considered t o be s l i g h t l y a p a r t from t h e l i n e a r r e l a t i o n a s known from Fig.4 , because the precision i n making t e s t s o l u t i o n s was n o t very good. Three p o i n t s shown i n following a)-c) were regarded t o be the causes. a ) White-muddy s t a t e of t h e e x t r a c t e d s o l u t i o n by c a r b o n i c acid-----Calsium carbonate(CaC03) i n s o l u b l e i n water i s made by r e a c t i o n between Calusium ion(Ca2') of cement s o l u b l e i n t h e e x t r a c t e d s o l u t i o n and Carbonic acid gas(C0e) i n a i r , and t h e e x t r a c t e d s o l u t i o n becomes muddy. Therefore, absorbance i n c r e a s e s . b ) Adosorption of admixture t o cement-----As admixture a d s o r b s cement, t h e e x t r a c t i o n e f f i e n c y of admixture drops and t h e c o n c e n t r a t i o n of admixture i n t h e e x t r a c t e d s o l u t i o n becomes weak. Therefore, absorbance reduces. c ) Picked amount of t e s t sample-----As picked amount of t e s t sample i s more, amount of cement i n t e s t sample i n c r e a s e s a n d t h e t h e e x t r a c t i o n e f f i e n c y of admixture drops. Therefore, absorbance reduces by t h e same reason a s b ) .
Consequently, t h e improvement of p r e c i s i o n i n experiment was examined h e r e , and following methods were adopted i n order t o remove t h r e e causes above mentioned.
For
For b ) , a f t e r same s o l u t i o n was e x t r a c t e d by b o i l i n g repeatedly i n order t o improve t h e e f f i c i e n c y of b o i l e x t r a c t i o n by w a t e r , t o t a l absorbances of f i r s t and second e x t r a c t e d s o l u t i o n s were adopted a s absorbance. F o r c ) , s a m p l e s c h a n g e d f r o m 1 gram t o 25 g r a m s were e x t r a c t e d by b o i l i n g r e s p e c t i v e l y . Absorbances p e r sample q u a n t i t y of 1 gram a t wave l e n g t h of 260nm were measured and t h e r e s u l t s a r e shown i n Fig.5 . As t h e r e s u l t , t h e q u a n t i t y of 3 grams where absorbance became maximum was adopted a s sample q u a n t i t y . By Fig.6 , and the improvement of p r e c i s i o n i n presumption could be attempted. Quantity of sample(g) FIGURE 5 . Absorbances per sample q u a n t i t y of l g . Heated Temperature('C)- FIGURE 6 . R e l a t i o n between heated temperatures and absorbances (case of concrete t e s t specimen).
APPLICATION OF PRESUMPTION METHOD TO FIRE
Concrete t e s t specimens were c u t o f f from t h e RC b u i l d i n g which was a c t u a l l y s u f f e r e d from fire-damage and brought t o our l a b o r a t o r y . Then, heated temperatures of s p e c i m e n s were t r i e d t o be presumed. The f i r e o c c u r e d a t t h e roof of t h i s b u i l d i n g under c o n s t r u c t i o n , and p a r a p e t s of t h e roof were exposed t o the f i r e . For t h e c a s e of t h i s f i r e , h e a t e d t e m p e r a t u r e s of t h e p a r a p e t s were presumed. The procedures and t h e t e s t r e s u l t s a r e described a s follows.
Presumption Method
Concrete cores(dlameter:lUcm, length:15cm) were c u t o f f from t h e most t i r edamaged p a r t s ( 2 p o i n t s ) and undamaged p a r t ( 1 p o l n t ) of t h e p a r a p e t s . At the l i r s t s t a g e of p r e s u m p t i o n , UV s p e c t r a of an undamaged c o n c r e t e c o r e were measured t o o b t a i n t h e r e l a t i o n between h e a t e d t e m p e r a t u r e s and absorbances a t wave length of 260nm. I' he o b t a i n e d c a l l b r a t i o n c u r v e i s shown i n F i g . 7 . The e q u a t l o n s ( 2 ) -( 4 ) which a r e used t o presume h e a t e d t e m p e r a t u r e s a r e d e r i v e d from t h e calibration curve.
where, A :absorbance of t h e lire-damaged sample, 4 h :absorbance of t h e undamaged sample a t normal temperature, A I :bsorbance of the aundamaged sample a t 500°C, and 1 :heated temperature("C). A l t e r t h e c a l i b r a t i o n curve was o b t a i n e d , tire-damaged concrete cores were cut out e v e r y 4cm from t h e s u r i a c e t o t h e Inner p a r t and t h r e e t e s t specimens h e r e t a k e n f r o m e a c h c o r e . U V s p e c t r a of t h e s e specimens were m e a s u r e d , a n d t h e h e a t e d temperatures Fiere presumed using the equatlons ( 2 ) -( 4 ) . 
Presumption Results and Discussions
The results of presumed temperatures and compressive strengths are shown in Table 1 . Inner heated temperatures were presumed to be about 250°C from the result of absorbance as shown in Pig.7. Presumption of the inner temperatures is considered to be proper from the following discussions 1) and 2). 1) As the surface of fire-damaged concrete turned l~g h t brown, external heated temperature has presumed to be about 50U°C[2j. The Inner heated temperatures are considered to be usually lower than the external one.
2) Compressive strengths 01 f~re-damaged parts are almost similar to that of undamaged part. Dropping of compressive strength 1s not recognized from normal temperature to 300°C i 7 j .
VERIFICATION OF PRESUMPTION METHOD
The validity of this presumption method was inspected by the fire tests of a column and a floor, and the presumed temperatures were compared with the known temperatures in concrete samples of the column and the floor. The results are described as follows.
Case of Column
Pig.8 shows the results of heating temperaturesiaccording to JIS A 1304j and inner temperatures for a Steel Reinforced ConcreteiSRCj column. The cross section is shown in Fig.9 . After the unheated concrete parts cut off from the column were heated at 110°C and 50U°C, the absorbances at wave length of ZGOnm were obtained by -~~ U V spectral analyses. As the result, the absorbances at 110°C and SOO0C were 0.254 and 0.059 respectively. The heated concrete part from the surface to the position of steel barsiits cover thickness:about 7cm) was cut off from the column. From the result of UV spectral analysis for the sample, its absorbance was 0.059. Judged from the equations (2j-(4), heated temperature of the sample was presumed to be over 5UU°C. The maximum measured temperature of steel bars by thermocouple was 640°C. Accordingly, the range of presumed temperature is considered to be proper.
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Heating temperature ... .o FIGURE 8 . Measured results of FIGURE 9. Cross section of a column temperatures in a column.
(unit of measure:mmj.
